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For perfarmance tests of differort lubricating oils, as one of tie moans
of eatimatine aneine wear tha method of constructine a curve of engine wear
according to tha content of iron in the oll used in operation ias applied.
Howaver, to base the characteristic of engine wear orly on the presence of
iron in the wasteroil is inadequate, since bearings of easily corroded non=-
forrous metal alloys are used in modern engines. In the case where bearings
of lead bronze are used the sstimation of congine wear should be basad on the
content of iron, lead, and copper in the oilj; in the cuse of babbitt bearings,
on the content of iron, lead, and tin.

In this connection there arose the question of working out a method of
determining iron, conner, lead, and tin in lubrleating oils. For the quan=-
tative determination of thess metals in lubriecuting oils we settled on the
polarogranhic method, which nermits these motals of interest to us to be
determired quickly and with sufficlent accuracy. 4

The polarograhic met“od has been employed by certain 5oviet researchers
for t-e determination of ona or several metals in oils (1, 2, 3, L), How=
ever, the conditions recommended in certain works for the extraction of the
metals from oil, as well as the conditions for the polarographic determination
of them in the testing did not seem sufficiently reliable. Thersfore,we
conducted a systematic investigation through the study of the conditlons for
the polarogranhic determination of metals when they are gimultaneously pres=-

ent in oil, and also the corditions for the extraction of the matals from oil,
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EXPERTMENTAL PART

The polaroprams were taken en the visual polarograph ME=500 (1945 model)
of the Inatitute of Chemistry at Gor'k§ dtate Unlversity.

A galvonometer whose sensitivity was 6.6'10'9 amp/mm at a goale distance
of 25 om from the mirror served for measurement of the current. The capil=
lary constant mz/atl/é wag equal to 1.90 m32/3uec'1/2. As the anode a
saturated ocalomnl electrode was nsed which was connacted with the solution

urrler investigation bv means of an apar-agar bridge.
Determination of Iron

Prior to the determlnation of iron, hydrochloric acid of different cone
centrations and also citric acid in a weakly ammoniacal solution (the latter
rearent forms a complex with lron (5» were tested as nolarographic carriers.
Fron the exnerimental data it was ascertainod that & 1.2 N solution of hydro=-
chloric acid serves as the best electrolyte for the determination of iren
(asnecially in the nregence of lead).

The wave nf iron anpears at t“e very bepinning of te polarogram, and
the height of the wave is calculated from the zero value of the potential.

To werify the accuracy of the method of extraction of iron from oil, ths
following comnarative tests were conducted:

1) extraction of iron with hydrochloric acid under the conditions recom=
mended by Korshunov and Shchennikov (3).

2) the methid of dry ashing of the oil with the subsrquent extraction of 3
the matallic oxides with hydrochloric acid. f

In the first method iron, adied to 20 g of oll in metallic form, was
extracted with hydrochloric acid 1:1 containing an admixture of a small | |
quantity of nitric acid. To obtaln a quantitative recovery of iron the ex-
traction with 1:l hydrochloric acid was repeated 3 times. The chloride

extract obtalned was evaporated to a smaller volume. The solution was pourdd
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into a 100 ml measuring flask and the full volume attained by adding water
up to the markj; 10 ml of the solution were transferred into an elactrolyaer
for nolarographic determination, hydropan was rassed through for 20 minutms,
and a nolarogram was taken, The data we obtalred (Table 1) ahowg that the
mathod of axtraction does not lead te a full recovery of iron.

In this commaction we chacked the possibility of t'e quantitative recovery
of iron after dry ashing, a weizhed rortion of the oil beinz tested. For
this nurpose ex~ariments were corductnd on the combustion of 20«25 grams of
golvent=refined Avtol Zi“tomobile 0;37 10" to which were added different
quantitinas of iren. Tha oil was first carafully avanorated, and then the
residue was burned in a muffle furnace at a temperature of ;00'- The ashes
wore dissolved in 5 ml of concantrated hydrochloric ncid:”sﬁsu;he :;1ution
was transfarred t0 a %0 ml measuring flask and the volume brought up to the
mark by adding water. 10 ml of the solution were placed in the electrolyzer,
hydroren (electrolytic) was passed through for 20 minutes, and the volaropram
was taken. The concentration of iron in “he solution was determined from the
praduations on ihe polarograrhic pravh, and the iron content in grams was
ealculated for 1 pram of oll, The results are shown in Table 2, and the
curve of ong of the ex~eriments in Filgure 1.

Moreover, in certain snecimens of waste oils the iron was determined
after thev ware ashed by both the nolarographic nnd colorimetric methods (the
latter with sulfonylsalicylic acid) with the purpose of comnaring the results
obtained.

The data are shown in Table 3.

From the analysis of the data in Tables 2 and 3 it follows that: 1) the
separation of iron from oil by the dry ashing nroduces fully satisfactory
resultsy Z)ATthe results obpained by the polarographic and colorimetric

mathods for determining iron in waste oils are in good agreement.
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Determination of lead

For the determination of emall quantities of lead many investipators
have usad the palsrograchic nethod (6, 7, 8). Since in the scheme of
analysis whioch we outlined iron, lead, and copper had to be determined
from one waighed portion, we used &g & carrier hydrochloric acid of the
sama concantration ae for iren, l.a., 1.2N. The completeness of recovery
af laad from the oil was varified when the ashing method was used, while
the tamrerature of ashing in this case éiafnggj;éézs;iphar than 500°, since
it wns established exrerimentally that at a higher temperature loases of
1nad ware poseible. In thls case artificial mixtures were provared by the
{ntroduction into fresh oil of differe:t quantities of lead correanonding
to the usual content of it in waste oll. The oil was carefully cvaporated
and the residue calﬂiindd in a mufrle furnace at a temperature not higher
than 500°, The ashes obtained in this manner were dissolved in 5 ml of
concentrated hydrochloric acid.

The solution was brought to exactly 50 ml in a measuring flask by the
addition of water. Part of the solution was placed in the electrolyzer,
hydrogen was passed through for 20 minutes, and the polarogram was taken.

In the polarogram & pronounced lead wave was obtained with a half-wave
potential of =0.48 v relative to the saturated calomel elsctrode (see Figure
2), The lead concentration in the solution was found from the graduations
on ‘the polarogram and the content of lead caloulated
in prams ver 1 gram of oll. The results obtainad are shown in Table L.

Tt follows from the data in Table LI that the method for recovering lead
by means of dry ashing of oll at a temnerature not higher then 500° with its

subsequent polarogranhic determination produces completely satisfactory

rasults.
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Determination of Copper

We reduced copper from & golution of 1 M ammonia 4nd 1 M ammonium chloride
which contained 0.008% joiner's glue and 0.2% sodium sulfite.

Caloulations of the copper content wae carried out by measuring the
gecond wave, whose half=wave potential was equal to «0.4§ v relative to the
gaturated calomal elactrode.

In order to ascertain the completeness of recovery of copper from the
oil alter dry ashing, thore was conducted a series of measurements on arti=
fieinlly prerared mixtures containing 20 g of lipht oil (eolvent-refinod
Avtol "10M) and differert quantilles of copper. The oil was carefully evap=
orated and then burned in the muffle furnace at a temperature not higher
than 500°, The ashes were digsolved in 2~3 ml of concentrated hydrochloric
acid and the solution transferred into a 50 ml measuring flagk. The solution
was neutralized with ammonia (with the ald of litmug), and then an AXCOYSs
of ammoninm Long(amsonium chloride, sodium sulfite pnd Joiner's rlue) was
added up to the &boxcuggpeirggd toncentration montioned above. The solution
wag filled up to the mark, 10 ml of the solution ware placed in the electro=-
1yzer, and the curve was taken. The concentration of copper was found from
the gradustions on the rolarogram and tke copper content ealeulatud in grams
per 1 gram of oil. The results of the analysis are shown i{n Table 5, and
the curve for one of the experiments in Figure 3.

From Table 5 it followe that the recovery of copper after ashing, with
the subsequent polarogranhic determination of it, oroduces completely satlg=
tactory results.

Determination of Tin

Tn view of the fact that when oil conteining tin is ashed & dirfioulﬁ&

goluble dioxide of tin is Formed, the method of extraction of the oil with

hydroohloric seld was used for the geparation of tin. The completeneséEf
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the recevery of tin wae tested on artificially prepared mixtures composed
of 50 eram weight portions of oil -nd different quantitice of added tin.

Ta the mixture, which was ploced in 2 fask with & reflux condanser, 90 ml
of 111 hydroghloric acid were added and the mixture neated in a water bath
with frequent sgitation for 1 hour. Then, after cooling, the hydrochloric
acid solutlon wao soparated from the oil in a separatory funnel., The oper=
ation of extraction of the oil was continued for 2 more hours with 50 ml
of 112 hydrachloric acidj after this the oil in the geparatory funnal was
washed with 50 ml of hot distillad water. After the firat extrection the
nydrechleric gedd axtract was placed in a 100 ml measuring flask, and those
from the two subgsaquent extractions were placed torather with the washing
water in a -orcelain dish; 1 ml of sulfuric acid was added, the golution

in the dish was evarorated to minimum volume, combined with the original
hy“rachloric acid solution in the meaguring [lask, and water was added up
to the mark.

10 ml of the solution wore placed in the elactrolyzer, hydrogen wag
passed through the solution ror 20 minutes, and the polarogram tsken. Here
a pronounced wave apreared with a half=-wave potential of =0.45 v in relation
to the saturated calomel electrode (Figure L).

The concentration of tin in the solution also was determined from the
graduations on the graph and the tin content calculsted in grams.

From Table 6 it follows that in the extraction of tin from a1l with
hydrochloric acid less accurate reosults are obtained. The error here does
not exceed 12% for genarate exneriments, and on the average is equal to
+ 6.8%.

Deternination of Iron, Lead,and Copper When They Are Jointly

Present in Oil

Ag has already been ghown, in the case when bearings of lead bronze are

ssed in an engine, the eatimation of the wear of the engine must be made from

the content of irom, 1ead/and copper in the waste oils
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The determination of each of these elemente has been deseribad above,

For the Jjeint rresence of these elements the method must be somewhat
varied. In order to recover thesa metale from the oll, we employed the
method of the dry ashing of the oil at a temmerature not higher than 500°,
the ashes beirp subsequently dissolved in hydirochlorie acid. Iren and
1ead33535bnted from copper by nrecipitstion with ammonia in t-e presence of
ammonium chloride.

h Arex ' ol L

The precipitate of iron and lead hyéiﬁ@oo was [iltered and washed with
a weuk solution of ammonia. The praocipitate was theiﬁdissolvad on the [ilter
in 30 ml of a hot 2 N hydrochloric acid solution and the volume raiscd to
50 ml by dilution with water.

52?&1 of the solution were placed in the electrolyzer, hydrogen passed
through, and the nolarogram taken. Here two waves were obtained on the
polarogram: iren and lead. The content of each metal was determined from
the praduatlons on the rraph. Tec t-e filtrate. which contained conver,
were added the wash solutions evarorated down to minimum volume, 2 ml of
10% sodium sulfite solution, and 0.} ml of a 10% solution of joiner's glue;
tre volume was brourht, up to 50 ml with water. Iﬂ?:i of this solution were
placed in the electrolyzer and Lhe polarogram was taken. fThe concentration
of conper was determined from the graduations on the granh, and the content
of corper was caleculated for 1 gram of oil.

In Table 7 are presented the results of the determination of iren, lead
and conper in artificially prépafed mixtures.

From Table 7 it follows that for the determination of iron, lead, and
copper in oil by the polarogravhic method after the ashing of a welghed
portion of oil completely satisfactory results ars obtained.

-

GONFIDENTIAL

3 ERE R ; L : {
3 De‘classifie'dvin Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110041-4




Declassified in Part - Sanitized Copy Approved for Release 2012/06/08 : CIA-RDP82-00039R000100110041-4

CONFIDENTIAL

Determination of Iron, Lead and Tin in

0ils When They Are Jointly Present

If bobbitt bearingas are present in engines, the waste lubrieating oil
can contain iren, lead, and tin. The acouracy of the quantituztive extraction
of these metalm from olls waes tected on artificlal mixtures comnosed of oil
into which were intraduced srecified quantities of metal. Iron and lead were
recovered from the oll after it was ashed, and tin was extracted with hydro=-
chloric acid., At this step lead was partially extracted. Uince the reduction
rnotentials of lead and tin are very close, their polarographic determination
from tho same solution is npossible only after their seraration. To separate
tin from lead in the hydrochloric acid extract, 50 ml of the soluticn were
withdrewn into a norcelain vesrel, to which were added 2.5 ml of concentrated
sulfuric acidsiyc solution waa evaporated in a sand bath until sulfuric acid
fumes apreared. After cnoling)the walls of tn vessel were washed with witer
and the solution was arain evaporated up to the anpearance of sulfuric acid
vaoors. 50 ml of water were added, and in an hour the nrecipitate of lead
sulfate was filtersd through an ash_less filter; t'e nrecinitate on the
filter was washed with a weak solution of sulfurie acid (3%) and the wash
water added to t“e filtrate. The zolution was evanorated almost to dryness,
te residue dissolved in 4O ml of hot 1:l hydrochloric acid,the solution
trunsferred to a 50 ml measuring flask and enourh acid of the same concen=
tration ad4ed to bring the volume of the solution up to the mark. 10 ml of
the solution were placed in the electrolyzer, hydrogen was passed through for
20 minutes, and the polaropram taken. In this case the precipitate of lesad
sulfate obtained on the filter was dissolved in 25 ml of a hot 20% solution
of ammonium acetate, then washed with hot water, and the volume brough to
50 ml, Lead was determined directly in the amonium acetate solution.

The results are shown in Table 8.

From Table 8 it follows that the method for extracting lead and tin from

oil with hydrochloric acid gives less accurate results. Therefore we recom=-

mend that lead be determined together with iron in oll ashes. As regards
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tin, since & dioxide of tin which 18 diffioulty selubla in acids g obtained
when oil eentaining tin 18 ashaif (a dioxide which must be cenverted inte

a seluble produet by melting) we arplied the methed of extraction in this
caso, although we do not consider it perfect.

After the conditiona for carrying out the nolarogranhic analysis and
for isolating met-la from oil were astablished, a large number of gnalyngi
of waste alls was cenductad in order o Jetermine the centent of lrom,
copper, ard 1aad in oil sannles. On the bagis of the data obtained, the
wear nf a motor wae determined through the construction of a praph of wear.
rertain rasults of t'e analyole are cited in Table §.

As a result of the work carriad on, the polarcgraphic method for the
determination of iron, lead, copper, and tin in oils was proposed a8 the

A1l-Union 5State Standard 0osT L830=L9.
Conulusions

1., A polarogruphic method was worked out tor the determination of
iron, lead, covper, and tin in oils which nermits mass analysis of thase
metals in ug d olls to be carried out with gatisfactory accuracy.

2, Tt has been shown that the recovery of iron, lead, and conper from
541 after t-e dry ashing of it at a temnerature not axcoeding 500° gives
more accurate results than two direct recovery of these metals from oil by
means of wydrochloric acld.

3., It has been established that in the determination of iron, lead,
and tin in olls when they are jointly present, the iron and lead should
be determined after the oil has been ashed, but the tin should be extracted
from the oil with hydrochloric acid followed by subsequent separation of
it from lead by means of hydrochloric acid.

ke The proposed polarographic method for the determination of metals
inloils permits a graph of wear 40 bs constructed. This is a procedigégwhich

poe
fias positive ragults in tests on engines.
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Table 1.

Mixtures when it ie Recovered frem 01l by Extraction

,n_~_~,__,]:
|

‘ .

Polarographio Determination of Iven in Artificial

i

Wo of Bre | montmgperiget | nelative
periment Queldty of 0i1 Introduced Determined Error in %
i
1 Avtol "6", golvent !
rofined 0,00102 . 0.00081 =186
2 The sare 0.00045 0,003 “2l.§
3 " " 0,00096 0,00072 [ =25,0
L " " 0, 00060 0.00050 ‘ =16.7
|
Average w2142
Table 2. Polarographic Determination of Iron After
the Ashing of the 0il
No of Ix= i . Trningperigotl | pelagive
periment Quality of 011 | __Introduced ' Determined ' Error in %
| T :
, |
1 ' Avtol "10M, solvent ’ !
refined 0.000930 0.000970 i .3
2 The same 0.000370 0.000370 L)
3 T 0.000930 0.000960 | *3.2
L "o 0,000440 | 0.000460 |  +7.0
5 "o 0.00009 | 0,000091 | 3,2
1 I
6 " " 0- 000083 o- 00008}.[ l "‘lo 2
; .
|
7 "o 0. 000007 0,000007 | -
]
8 noon 0,000066 | 0,000083 ,  =3.7
i ' | :
! :
‘ | l Average *2.8

I
NOTE: In the ‘table

|

data.

G

4.

is eited only an insigmificant part of all the experimental

et i
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Table 3, Cemparative Results of the Pelarographio and Colorimetrie
Methods for the Detarminntion of Iron in Waste Oils

. —— e

i Iron :Ln g per lg oil

Ne of Ex=- ' o Relative
periment quality of 01l Introdwced ' Determined Error in %
1 Avtol "6Y, aolvent
refined without
any additions 0.,000180 0.00017) +3a)y
2 The same 0.0002),3 0.0002);9 =2,
3 "o 0. 0000L) 0.00001) -
I "o 0.000083 0.000081 +2,5
[ L 0, 000186 0.00017Y +649
6 oo 0. 000252 0.000235 +7.2
Te LI 0.000051 0. 000053 =3.6
Avorage 3.7

Table hs Determination of Lead in Artificial Mixtures After
Ashing of 01l

No of Ex- | I_EE'_‘L’-“ gperlgoil Relative
periment | Quality of 041 . Introduced j Deternrined Error in g
! [
i , |
1 ' Avtol "0, golvent “ :
refined 0001030 0,001070 ! +349
2 ~ The same 0, 000690 0.000690 “ --
‘ ,
) 3 S 0,000350 | 0,0003),0 ! 2.9
I noo 0.000200 0.000200 f -
! U . 0,000100 0.000098 =20
! ' !
o . 0,000051 0,000056 | 49,8 !
r . I "
| .
’ Average ‘ +3.1 (
| | |
|
! “l? -
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Table 5. Determinatien of Copper in Artificial Mixtures After
Ashing of 0il

No of Bx= ! Copper dn gper 1 gotl . | pelative
periment Quality of Oi1 | Introduced  Determined Error in %
1 Avtol 10", solvent f 5
rofined ‘ 0,000210 . 0,000210 -
2 The same 0,000127  0,000137 +8,0
3 noowm 0,000097 0, 000100 +3e1
L noow 0,000063  0,000067 +643
5 "o 0,000031 0,000030 =342
Average +3.5
Table 6. Determination of Tin from Artificial Mixtures After
1ts Extraction with Hydrochloriec Acid
Maingperlgotl |
No of Ex= f Relative
periment Quality of 0il Introduced  Determined Error in %
1 Avtol "10", solvent
refined 0.00121,0 0.001.2,0 -
2 The same 0.000110  0,000120 +041
3 o 0,000072 | 0,000063 «12.5
L oo 0000068 0.000062 - 849
g noon 0,000060 | 0,000059 ISR
6 noon 0.000052 ' 0.000047 - 9.6
i | —
| Average + 6.8
- 13 -
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Table 7, Detarmination of Iron, Lead, and Copper when they
are Jointly Fresent

l Introduced ' Determined ~ Relative
Noof : in g per ia g por . Error in
Teat Quality of 011 . 1goil 1 g oil i %
1 Avtol 1101, solvent
refined Fo = 0,000270  Fe = 0.000290 +Toly
" Pb = 0,000250 Pb = 0.000230 =8,0
f Cu = 0,000150  Cu = 0,000150 =
2 The samno Fe = 0,000190 Te = 0,000190 -
Pb = 0,000300 Pb = 0,000250 =3¢3
Cu = 0.0000b7 Cu = 0-00&!]7 -
3 con n To = 0,000330 Fe = 010003!10 +3.3
Pb = 0,000050 Fb - 0,000051 : +2,0
Cu = 0,000063 Cu = 0,000060 «l;e8
L "o Fe = 0,000027 Te = 0,000026 «3.7
Pb - 0,000081  Pb = 0,000049 =349
Cu = 0,000031 Cu = 0,000030 =3.2
5 "o Fe = 0,001390  Fe = 0,001350 3.0
Pb - 0,000100 Fb = 0,000096 | =10
Cu = 0.,000150 Cu = 0,000150 ' )
Average error Te *3.))
Pb :,.112
| Cu ‘1.6

Table 8., Determination of Lead and Tin in Artificlal Mixtures After
Extraction with Hydrochloric Acid

. Introduced |  Determined | Relative
No of Ex= in g per in g per ;  Error in
periment Quality of 0il 1 grotld | 1goil ; %
1 Avtol "10", solvent |
refined Pb = 0,000059 ! Pb = 0,000059 -—
Sn - 0,000203 | o - 0000051 . -11.6 :
f 2 The same Pb - 0,000049 | Pb - 0,000, 6.1 I
Sn = 0,000103 | Sn = 0.000091 ! =11.6
3 W Fb = 0,000019 | Pb = 0,000017 . -10.8 i
Sn = 0,000033 Sn = 04000037 i +12.1
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Table 9« Results of Analyses of Used 0ils

Obtained in g por 1 g ol

No of lat 2d 7 Difference
Teat (uality of 0il deternination determination in g
1 Avitol 10", golvent
refined Fa = 0,000012 0.000013 0,000001
Pb = 0,000015 0.000017 0,000002
Cu = 0,000013 0.000015 0.,000002
2 The Bame Fe - 0,000012 0.000012 e
Pb = 0,0000L, 000001 -
Cu = 0,000003 0. 20000y 0,000001
3 noon Te = 0,000067 0.000058 0, 000009
Pb = 0,000048 0000051 0,000003
Cu = 0.1000360 0,000350- 0,000010
N noon Fe = 0.,000260 0.000260 -
Pb = 0.000038 04000035 0,000003
Cu = 0,000100 0.,000100 -
‘ é
‘ |
i
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Ashing of Avicl *10% with Iren Added
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Figure 2. ngduuotwmdmm

Figare 3o Poluopmofowwwm-rm
Ashing of Avbol "10° with & Knowmn Amount of Copper Added
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Figure li» Polarogress of Tin Obtained After the
Ashing ef Avtol ®10% with o
Known Quantity of Tin Added
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